TITLE OF THE INVENTION 

Semiconductor Laser Device and Method of Fabricating the Same 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to semiconductor laser 
devices and methods of fabricating the same and particvdarly to monolithic 
semiconductor laser devices used as a source of light for optical discs of 
different standards and methods of fabricating the same. 
Description of Related Art 

In recent years, recording media providing enhanced recording 
densities and reproduction devices therefor are increasingly developed. For 
example, the digital versatile disc (DVD) is increasingly used in a variety of 
areas as an optical disc capable of recording/reproducing motion images and 
an increasing demand therefor in future is expected. Recently, there is an 
increasing need by users for developing a drive device having a function also 
capable of recording/reproducing conventional compact discs (CDs). 

To implement this drive device there have been proposed a hybrid 
laser apparatus incorporating in a single package a red laser device of a 
wavelength of the 600 nm band used to record/reproduce a DVD and an 
infrared laser device of a wavelength of the 700 nm band used for a laser to 
record/reproduce a CD, and a monohthic laser device having two laser 
portions formed on a single substrate to osdILate red laser light of a 
wavelength of the 600 nm band and infrared laser Ught of a wavelength of 
the 700 nm band. 

If the hybrid laser apparatus is used for the drive device, however, it 
is difficult to improve precision of a light emission point, which is an 
important factor for optional pickup, since the two laser devices are 
incorporated in the single package. Thus, for the drive device, using a 
monohthic laser device allowing a highly controllable position of a light 
emission point is considered effective. 

Fig. 11 is a schematic perspective view of a conventional monohthic 
semiconductor laser device. In Fig. 11, a conventional monohthic 
semiconductor laser device 500 includes an infrared laser portion 502 



having a double hetero structure for CDs and a red laser portion 503 having 
a double hetero structure for DVDs for a total of two laser portions. 
Conventional monolithic semiconductor laser device 500 is fabricated as 
follows: with reference to Fig. 12, initially to form red laser portion 503 an 
5 AlGalnP based semiconductor layer is grown. Then outside the growth 

furnace the AlGalnP based semiconductor layer that has grown in a region 
other than that to be provided with red laser portion 503 is etched away and 
subsequently to form infrared laser portion 502 an AlGaAs based 
semiconductor layer is grown, for example. Herein, the laser portions are 

10 both formed by metal-organic chemical vapor deposition (MOCVD) and have 
p type dopant of zinc (Zn) introduced therein. 

In the conventional monoHthic semiconductor laser device, however, 
the laser portion's light emission efficiency can decrease, and in a current- 
voltage characteristic an abnormality can be caused or a similarly impaired 

15 laser characteristic can be provided. In monolithic semiconductor laser 

devices/in particular, if one laser portion exhibits a poor laser characteristic 
and the other laser portions present a satisfactory characteristic the entirety 
of the semiconductor laser device still would be regarded as defective, 
resulting in decreased production yields. 

20 SUMMARY OF THE INVENTION 

Accordingly in view of the above circumstance the present invention 
contemplates a semiconductor laser device allowing a laser portion to have a 
satisfactory laser characteristic to provide increased production yield and a 
method of fabricating the same. 

25 The present invention is a siemiconductor laser device having on a 

single substrate a plurality of laser portions each oscillating laser Hght of a 
different wavelength, wherein the pluraHty of laser portions contain 
different types, respectively, of dopant. 

The present semiconductor laser device allows p type dopant to vary 

30 in type for different laser portions. 

In that case preferably one laser portion contains p type dopant of 
zinc (Zn), carbon (C) or magnesium (Mg) and another laser portion contains 
p type dopant of beryllium (Be). 
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Furthermore in the present semiconductor laser device preferably 
one laser poiHon is formed mainly of an AlGaAs based crystal and another 
laser portion is formed mainly of an AlGalnP based crystal. 

Furthermore the present invention is a method of fabricating a 
5 semiconductor laser device, forming on a single substrate a plurality of laser 
portions each oscillating laser light of a different wavelength, wherein a 
laser portion previously formed and a laser portion subsequently formed are 
formed by different crystal growth methods, respectively. 

In the present method one of the crystal growth methods employed 
10 to form the laser portions can be metal-organic chemical vapor deposition 
(MOCVD). 

Furthermore in the present method one of the crystal growth 
methods employed to form the laser portions can be molecular beam epitaxy 
(MBE). 

15 In that case for the laser portion previously formed a crystal can be 

grown by MBE. 

Furthermore in that case preferably the laser portion previously 
formed contains p type dopant having a diffusion coefficient smaller than 
that of p type dopant in the laser portion subsequently formed. 
20 Furthermore in that case preferably the laser portion previously 

formed contains p type dopant of beryUium. 

Furthermore in that case preferably the laser portion subsequently 
formed contains p type dopant of one of zinc, carbon or magnesium. 

Furthermore in the present method maximum and minimum 
25 temperatures of the substrate in growing a crystal for the laser portion 

previously formed can respectively be higher than those of the substrate in 
growing a crystal for the laser portion subsequently formed. 

Preferably the minimum temperature of the substrate in growing 
the crystal for the laser portion previously formed is higher than the 
30 maximum temperature of the substrate in growing the crystal for the laser 
portion subsequently formed. 

Furthermore in those cases preferably for the laser portion 
previously formed a crystal is grown by metal-organic chemical vapor 
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deposition. 

Furthermore in those cases preferably the laser portion previously 
formed contains p type dopant having a diffusion coefficient smaller than 
that of p type dopant in the laser portion subsequently formed. 

Furthermore in the present method the laser portion previously 
formed can also contain p type dopant of one of zinc, carbon or magnesium. 

Preferably the laser portion subsequently formed contains p type 
dopant of beryllium. 

Furthermore in the present method the laser portion previously 
formed can be formed mainly of an AlGaAs based crystal and the laser 
portion subsequently formed can be formed mainly of an AlGalnP based 
crystal. 

Furthermore in the present method the laser portion previously 
formed can be formed mainly of an AlGalnP based crystal and the laser 
portion subsequently formed can be formed mainly of an AlGaAs based 
crystal. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 
accompanjdng drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Fig. 1 is a schematic perspective view of a semiconductor laser device 
of a first embodiment; 

Figs. 2Ar2F are schematic cross siectioiis illustrating a process for 
fabricating the semiconductor laiser device of the first embodiment; 

Fig. 3 represents a relationship between time and a substrate's 
temperature in the process for fabricating the semiconductor laser device of 
the first embodiment; 

Figs, 4A-4F are schematic cross sections illustrating a process for 
fabricating the semiconductor laser device of a second embodiment; 

Fig, 5 represents a relationship between time and a substrate's 
temperature in the process for fabricating the semiconductor laser device of 



the second embodiment; 

Fig. 6 is a schematic, perspective view of the semiconductor laser 
device of a third embodiment; 

Figs. 7A-7F are schematic cross sections illustrating a process for 
5 fabricating the semiconductor laser device of the third embodiment; 

Fig. 8 represents a relationship between time and a substrate's 
temperature in the process for fabricating the semiconductor laser device of 
the third embodiment; 

Figs. 9A-9F are schematic cross sections illustrating a process for 
10 fabricating the semiconductor laser device of a fourth embodiment; 

Fig. 10 represents a relationship between time and a substrate's 
temperature in the process for fabricating the semiconductor laser device of 
the fourth embodiment; 

Fig. 11 is a schematic, perspective view of a conventional 
15 semiconductor laser device; and 

Fig. 12 represents a relationship between time at a substrate's 
temperature in a process for fabricating the conventional semiconductor 
laser device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 In fabricating a monolithic semiconductor laser device having a 

plurahty of laser portions a laser portion that is formed previously 
(hereinafter referred to as a "first laser portion") is again heated when a 
laser portion that is subsequently formed (hereinafter referred to as a 
"second laser portion") is grown. 
25 In general, these laser portions are formed by MOCVD. MOCVD, 

however, requires that a substrate have a relatively high temperature. 
Accordingly, as the first laser portion is again heated in forming the second 
laser portion, Zn, C or a similar p type dopant that readily diffuse that is 
contained in the first laser portion would leap out of the first laser portion's 
30 p type semiconductor layer, diffusing as far as an active layer and an n type 
semiconductor layer. Generally, a dopant concentration in a semiconductor 
layer is precisely designed. If dopant diffuses into a different layer, as 
described above, the first laser portion's reduced Hght emission efficiency or 
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a similarly impaired laser characteristic is unavoidable. The present 
inventors have found that such causes the first laser portion's reduced Hght 
emission efficiency and other, similarly impaired laser characteristics and 
hence reduced semiconductor laser production jdelds. 
5 Accordingly the present inventors considered that if in forming the 

second laser portion the first laser portion again heated can be prevented 
from having its dopant diffusing within the first laser portion, the first laser 
portion can have a satisfactory laser characteristic and as a result increased 
semiconductor laser device production jdelds can be provided. The present 

10 inventors have thus arrived at the present invention. 

The present invention is a semiconductor laser device in which a 
plurahty of laser portions formed on a single substrate contains diiBferent 
types, respectively, of dopant. Different types of dopant diffuses in a 
semiconductor layer differently. As such, if the first laser portion has 

15 dopant of a small diffusion coefficient introduced therein the first laser 
portion*s dopant diffusion can effectively be reduced. 

In that case as the fixst laser portion's p type dopant Be is preferably 
used and furthermore as the second laser portion's p t5^e dopant Zn, C or 
Mg is more preferably used, since Be, having a diffusion coefficient smaller 

20 than Zn, C and Mg, can prevent the first laser portion from having 

significant difiPiision, and these types of dopant also allow a laser portion to 
have a more satisfactory laser characteristic. 

Furthermore in this case preferably the first laser portion is formed 
by molecular beam epitaxy (MBE) and furthermore, more preferably the 

25 second laser portion is formed by MOCVD. If the first laser portion's p t3^e 
dopant is Be and a crystal is grown by MBE, purity of source gas containing 
Be and other similar issues need not be addressed, and the dopant is 
congenial to the crystal growth method, and the first laser portion's p type 
semiconductor layer can be more satisfactory. Furthermore if the second 

30 laser portion's p type dopant is Zn, C or Mg and a crystal is grown by 

MOCVD, the dopant is also congenial to the crystal growth method, and the 
second laser portion's p type semiconductor layer can further be satisfactory. 
Furthermore, the first laser portion's p type dopant can be Zn, C or 



Mg, and furthermore the second laser portion's p type dopant can be Be. . In 
that case, the first laser portion will have dopant of a larger diffusion 
coefficient introduced therein. However, by forming the second laser 
portion by a method capable of growing a crystal with a substrate having a 
5 relatively low temperature, the first laser portion's dopant diflEiision can 
more effectively be reduced. 

Furthermore in this case preferably the first laser portion is formed 
by MOCVD and furthermore, more preferably the second laser portion is 
formed by MBE. If the first laser portion's p type dopant is Zn, C or Mg and 

10 a crystal is grown by MOCVD, the dopant is congenial to the crystal growth 
method, and the fixst laser portion's p type semiconductor layer can be more 
satisfactory. Furthermore if the second laser portion's p type dopant is Be 
and a crystal is grown by MBE, the dopant is also congenial to the crystal 
growth method, and the second laser portion's p type semiconductor layer 

15 can further be satisfactory. 

Furthermore, preferably one of the first and second laser portions is 
formed mainly of an AlGaAs based crystal and the other laser portion is 
formed mainly of an AlGalnP based crystal, since the laser portion formed 
mainly of an AlGaAs based crystal osdllates infirared laser light of a 

20 wavelength of the 700 nm band to the 800 nm band, which is suitable for 
recording/reproducing CDs, and the laser portion formed mainly of an 
AlGalnP based crystal oscillates red laser light of a wavelength of the 600 
nm band, which is suitable for recording/reproducing DVDs. Note that 
throughout the specification an "AlGaAs based crystal" refers to a crystal 

25 mainly containing aluminum (Al), gallium (Ga) and arsenic (As) and an 

"AlGalnP based crystal" refers to a crystal mainly containing aluminum (Al), 
gaUium (Ga), indium (In) and phosphorus (P). 

Furthermore the present invention is a method of fabricating a 
semiconductor laser device that forms first and second laser portions by 

30 different crystal growth methods, respectively. More specifically, the 

second laser portion can be formed by a method capable of growing a crystal 
with a substrate having a relatively low temperature to effectively reduce 
the first laser's dopant diffusion. For example, the first laser portion can be 
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formed by MOCVD allowing crystal growth with a substrate having a 
relatively high temperature and the second laser portion can be formed by 
MBE allowing crystal growth with the substrate having a relatively low 
temperature to effectively reduce the first laser portion's dopant diffusion. 
5 In particular, preferably the substrate's maximum temperature in 

the first laser portion's crystal growth is higher than that in the second laser 
portion's crystal growth and the substrate's minimum temperature in the 
first laser portion's crystal growth is higher than that in the second laser 
portion's crystal growth. Furthermore more preferably the substrate's 

10 minimum temperature in the fixst laser portion's crystal growth is higher 
than the substrate's maximum temperature in the second laser portion's 
crystal growth. Furthermore in the above more preferably the first laser 
portion contains p t3^e dopant having a diffusion coefficient smaller than 
that of p type dopant in the second laser portion. These cases tend to allow 

15 the first laser portion to have a higher performance laser characteristic. 

Furthermore, the first laser portion can be formed by a method 
allowing crystal growth with a substrate having a relatively low 
temperature and the second laser portion can be formed by a method 
allowing crystal growth with the substrate having a relatively high 

20 temperature, although this entails introducing as the first laser portion's 

dopant Be or a similar dopant having a small diffusion coefficient to reduce 
the first laser portion's dopant diffiision. 

Furthermore the substrate's temperature suitable for crystal growth 
depends on the method of crystal growth of interest. For example, when 

25 MOCVD is employed to grow a crystal the substrate preferably has a 

temperature of no less than BOO^'C to no more than SOO^'C, more preferably 
no less than 640''C to no more than SOO'^C. When MBE is employed to grow 
a crystal the substrate preferably has a temperature of no less than 400''C to 
less than GOO'^C, more preferably no less than 450''C to less than GOO'^C. 

30 First Embodiment 

With reference to Fig. 1, initially an infrared laser portion 102 
formed mainly of an AlGaAs based crystal (for CDs) (with p type dopant of 
Zn) is formed by MOCVD and then a red laser portion 103 formed mainly of 
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an AlGalnP based crystal (for DVDs) (with p type dopant of Be) is formed by 
MBE to provide a semiconductor laser device 100, shown in a schematic 
perspective view. 

Semiconductor laser device 100 is fabricated as follows: initially, as 
5 shown in Fig. 2 A, on an n type GaAs substrate 101 MOCVD is employed to 
grow in order a Si doped (dopant concentration: 1 x lO^^cm"^), n type GaAs 
bxiffer layer 104a having a thickness of 0.5 jim, a Si doped (dopant 
concentration: 1 x lO^^cm"^, n type AlGaAs clad layer 105a having a 
thickness of 1.5 jim, an active layer 106a having a quantum weU structure, a 

10 Zn doped (dopant concentration: 2 x lO^^cm"^), p type AlGaAs dad layer 107a 
having a thickness of 1.5 ^im, and a Zn doped (dopant concentration: 5 x 
lO^^cm"^), p type GaAs cap layer 108a having a thickness of 0.5 ^m. Note 
that active layer 106a is formed of a well layer and a barrier layer deposited 
alternately. For example, three nondoped GaAs well layers each having a 

15 thickness of 10 nm and four nondoped AlGaAs barrier layers each having a 
thickness of 10 nm are deposited such that one type of layer is deposited on 
the other type of layer. Note that the above semiconductor layers are 
grown under a condition allowing the substrate to have a temperature of no 
less than 600^C to no more than 800^C. 

20 Then, with reference to Fig. 2B, outside the growth furnace the 

semiconductor layers thus grown are partially etched away to partially 
expose a surface of substrate 101. 

Then, as shown in Fig. 2C, MBE is employed to grow on substrate 
101 a Si doped (dopant concentration: 1 x lO^^cm"^, n type GaAs bxiffer layer 

25 104b having a thickness of 0.5 ^m, a Si doped (dopant concentration: 1 x 
lO^^cm"^, n type AlGalnP dad layer 105b having a thickness of 1.5 jim, an 
active layer 106b having a quantum well structure, a Be doped (dopant 
concentration: 2 x lO^^cm"^), p type AlGalnP dad layer 107b having a 
thickness of 1.5 ^im, and a Be doped (dopant concentration: 5 x lO^^cm^^), p 

30 type GaAs cap layer 108b having a thickness of 0.5 ^m, in order. Note that 
active layer 106b is formed of a well layer and a barrier layer deposited 
alternately. For example, three nondoped GalnP well layers each having a 
thickness of 10 nm and four nondoped AlGalnP barrier layers each having a 
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thickness of 10 nm are deposited such that one type of layer is deposited on 
the other type of layer. Note that the semiconductor layers are grown 
under a condition allowing the substrate to have a temperature of no less 
than 400^C to less than 600^C. 
5 Then, as shown in Fig. 2D, again on substrate 101 the semiconductor 

layers are partially etched away to partially expose a surface of substrate 
101. 

Then, as shown in Fig. 2E, dad layer 107a and cap layer 108a, and 
clad layer 107b and cap layer 108b are partially etched away to form ridges 

10 RslandRs2. 

Then, as shown in Fig. 2F, to prevent a current from flowing in from 
other than ridges Rsl and Rs2, an insulation film 109 of sihcon nitride is 
provided, on ridges Rsl and Rs2 insulation film 109 is partially removed, 
and p type electrodes 110a, 1 10b are then formed. P type electrodes 110a, 

15 110b are formed for example of an AuZn layer, a Mo layer and an Au layer 
deposited in order. More specifically, the electrodes are formed by partially 
etching away the metal layers for the p type electrodes to prevent short 
circuit between the two laser portions. Furthermore, an n type electrode 
111 is provided on substrate 101 at a back surface, i.e., a surface opposite to 

20 that for crystal growth. N type electrode 1 1 1 is formed for example of an 
AuGe layer, a Ni layer, a Mo layer and an Au layer deposited in order. 

As shown in Fig. 3, in the first embodiment, initially a laser portion 
for CDs is formed by MOCVD and subsequently that for DVDs is formed by 
MBE with the substrate having a lower temperature. This, as compared 

25 with forming both laser portions by MOCVD with the substrate having a 

high temperature, as conventional, can reduce diffusion of Zn corresponding 
to p type dopant in the laser portion for CDs. The semiconductor laser 
device's threshold current, operating current and the like can be reduced, 
providing increased light emission efficiency. 

30 Second Embodiment 

In a second embodiment a semiconductor laser device having the 
same structure as that in the first embodiment shown in Fig. 1 is fabricated 
by a method different firom that employed in the fijrst embodiment. 
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The second embodiment is characterized in that a laser portion (with 
p type dopaint of Be) for DVDs is initially formed by MBE and a laser portion 
(with p type dopant of Zn) for CDs is then formed by MOCVD. 

More specifically, initially with reference to Fig. 4A, on an n type 
5 GaAs substrate 201 MBE is employed to grow in order a Si doped (dopant 
concentration: 1 x lO^^cm"^, n tj^e GaAs buffer layer 204b having a 
thickness of 0.5 jim, a Si doped (dopant concentration: 1 x lO^^cm"^), n type 
AlGalnP dad layer 205b having a thickness of 1.5 ^im, an active layer 206b 
having a quantum weU structure, a Be doped (dopant concentration: 2 x 

10 lO^^cm"^), p type AlGalnP clad layer 207b having a thickness of 1.5 jim, and 
a Be doped (dopant concentration: 5 x lO^^cm"^), p type GaAs cap layer 208b 
having a thickness of 0.5 ^m. Note that active layer 206b is formed of a 
well layer and a barrier layer deposited alternately. For example, three 
nondoped GalnP well layers each having a thickness of 10 nm and four 

15 nondoped AlGalnP barrier layers each having a thickness of 10 nm are 

deposited such that one type of layer is deposited on the other type of layer. 
Note that the above semiconductor layers are grown under a condition 
allowing the substrate to have a temperature of no less than 400^^0 to less 
than 600^C. 

20 Then, with reference to Fig. 4B, outside the growth furnace the 

semiconductor layers thus grown are partially etched away to partially 
expose a surface of substrate 201. 

Then, as shown in Fig. 40, MOCVD is employed to grow on 
substrate 201 a Si doped (dopant concentration: 1 x lO^^cm"^), n type GaAs 

25 buffer layer 204a having a thickness of 0.5 p.m, a Si doped (dopant 

concentration: 1 x lO^^cm"^), n type AlGaAs clad layer 205a having a 
thickness of 1.5 jim, an active layer 206a having a quantum well structure, a 
Zn doped (dopant concentration: 2 x lO^^cm'®), p type AlGaAs clad layer 207a 
having a thickness of 1.5 ^m, and a Zn doped (dopant concentration: 5 x 

30 lO^^cm^^), p type GaAs cap layer 208a having a thickness of 0.5 ^im, in order. 
Note that active layer 206a is formed of a well layer and a barrier layer 
deposited alternately. For example, three nondoped GaAs well layers each 
having a thickness of 10 nm and four nondoped AlGaAs barrier layers each 
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having a thickness of 10 nm are deposited such that one type of layer is 
deposited on the othet type of layer. Note that the semiconductor layers 
are grown \mder a condition allowing the substrate to have a temperature of 
no less than SOO'^C to no more than SOC'C. 

Then, as shown in Fig. 4D, again on substrate 201 the semiconductor 
layers are partially etched away to partially expose a surface of substrate 
201. 

Then, as shown in Fig. 4E, dad layer 207a and cap layer 208a, and 
clad layer 207b and cap layer 208b are partially etched away to form ridges 
Rs3 and Rs4. 

Then, as shown in Fig. 4F, to prevent a current from flowing in from 
other than ridges Rs3 and Rs4, an insulation film 209 of siMcon nitride is 
provided, on ridges Rs3 and Rs4 insulation film 209 is partially removed, 
and p type electrodes 210a, 210b are then formed. P type electrodes 210a, 
210b are formed for example of an AuZn layer, a Mo layer and an Au layer 
deposited in order. More specifically, the electrodes are formed by partially 
etching away the metal layers for the p type electrodes to prevent short 
circuit between the two laser portions. Furthermore, an n type electrode 
211 is provided on substrate 201 at a back surface, i.e., a surface opposite to 
that for crystal growth. N type electrode 211 is formed for example of an 
AuGe layer, a Ni layer, a Mo layer and an Au layer deposited in order. 

As shown in Fig. 5, in the second embodiment when the laser portion 
for CDs is subsequently formed the substrate has a temperature higher than 
when the laser portion for DVDs is initially formed. However, as the 
initially formed laser portion for DVDs has p type dopant having a small 
difftision coefficient, Be, introduced therein, the dopant's diffusion can be 
reduced. This, as compared with doping the laser portions with p tj^e 
dopant of Zn, as conventional, can reduce the semiconductor laser device's 
threshold current, operating current and the like, providing increased light 
emission efficiency. 

Third Embodiment 

With reference to Fig. 6, initially an infrared laser portion 302 
formed mainly of an AlGaAs based crystal (for CDs) (with p type dopant of 
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Be) is formed by MBE and then a red laser portion 303 formed mainly of an 
AlGalnP based crystal (for DVDs) (with p type dopant of Zn) is formed by 
MOCVD to provide a semiconductor laser device 300, shown in a schematic 
perspective view. 

5 Semiconductor laser device 300 is fabricated as foUows: initially, as 

shown in Fig. 7A, on an n type GaAs substrate 301 MBE is employed to grow 
in order a Si doped (dopant concentration: 1 x lO^^cm"^), n type GaAs buffer 
layer 304a having a thickness of 0.5 ^m, a Si doped (dopant concentration: 1 
X lO^^cm"^), n type AlGaAs dad layer 305a having A thickness of 1.5 ^m, an 

10 active layer 306a having a quantum well structure, a Be doped (dopant 
concentration: 2 x lO^^cm"^), p type AlGaAs clad layer 307a having a 
thickness of 1.5 jim, and a Be doped (dopant concentration: 5 x 10^®cm~^), p 
type GaAs cap layer 308a having a thickness of 0.5 ^m. Note that active 
layer 306a is formed of a well layer and a barrier layer deposited alternately. 

15 For example, three nondoped GaAs well layers each having a thickness of 10 
nm and four nondoped AlGaAs barrier layers each having a thickness of 10 
nm are deposited such that one type of layer is deposited on the other type of 
layer. Note that the above semiconductor layers are grown under a 
condition allowing the substrate to have a temperature of no less than SOO'^C 

20 to less than 640°C. 

Then, with reference to Fig. 7B, outside the growth furnace the 
semiconductor layers thus grown are partially etched away to partially 
expose a surface of substrate 301. 

Then, as shown in Fig. 70, MOCVD is employed to grow on 

25 substrate 301 a Si doped (dopant concentration: 1 x lO^^cm"^), n type GaAs 
bxiffer layer 304b having a thickness of 0:5 jim, a Si doped (dopant 
concentration: 1 x lO^®cm"^), n type AlGalnP clad layer 305b having a 
thickness of 1.5 ^m, an active layer 306b having a quantum well structure, a 
Zn doped (dopant concentration: 2 x lO^^cm"^), p type AlGalnP clad layer 

30 307b having a thickness of 1.5 ^im, and a Zn doped (dopant concentration: 5 
X lO^^cm"^), p type GaAs cap layer 308b having a thickness of 0.5 ^m, in 
order. Note that active layer 306b is formed of a weU layer and a barrier 
layer deposited alternately. For example, three nondoped GalnP well 
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layers each having a thickness of 10 nm and four nondoped AlGalnP barrier 
layers each having a thickness of 10 nm are deposited such that one type of 
layer is deposited on the other type of layer. Note that the semiconductor 
layers are grown under a condition allowing the substrate to have a 
5 temperature of no less than 640''C to no more than 800^C. 

Then, as shown in Fig. 7D, again on substrate 301 the semiconductor 
layers are partially etched away to partially expose a surface of substrate 
301. 

Then, as shown in Fig. 7E, dad layer 307a and cap layer 308a, and 
10 dad layer 307b and cap layer 308b are partially etched away to form ridges 
Rs5 and Rs6. 

Then, as shown in Fig. 7F, to prevent a current from flowing in from 
other than ridges Rs5 and Rs6, an insulation film 309 of silicon nitride is 
provided, on ridges Rs5 and Rs6 insulation film 309 is partially removed, 

15 and p tyt^e electrodes 310a, 310b are then formed. P tj^e electrodes 310a, 
310b are formed for example of an AuZn layer, a Mo layer and an Au layer 
deposited in order. More specifically, the electrodes are formed by partially 
etching away the metal layers for the p type electrodes to prevent short 
circuit between the two laser portions. Furthermore, an n type electrode 

20 311 is provided on substrate 301 at a back surface, i.e., a surface opposite to 
that for crystal growth. N type electrode 311 is formed for example of an 
AuGe layer, a Ni layer, a Mo layer and an Au layer deposited in order. 

As shown in Fig. 8, in the third embodiment when the laser portion 
for DVDs is subsequently formed the substrate has a temperature higher 

25 than when the laser portion for CDs is initially formed. However, as the 
initially formed laser portion for CDs has p type dopant having a small 
diffusion coefficient, Be, introduced therein, the dopant's difEusion can be 
reduced. This, as compared with doping the laser portions with p type 
dopant of Zn, as conventional, can reduce the semiconductor laser device's 

30 threshold current, operating current and the like, providing increased Hght 
emission efficiency. 

Fourth Embodiment 

In a fourth embodiment a semiconductor laser device having the 
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same structure as that in the third embodiment shown in Fig. 6 is fabricated 
by a method different from that employed in the third embodiment. 

The fourth embodiment is characterized in that a laser portion (with 
p type dopant of Zn) for DVDs is initially formed by MOCVD and a laser 
5 portion (with p type dopant of Be) for CDs is then formed by MBE. 

More specifically, initially with reference to Fig. 9A, on an n type 
GaAs substrate 40 1 MOCVD is employed to grow in order a Si doped 
(dopant concentration: 1 x lO^^cm"^), n t5^e GaAs bxrffer layer 404b having a 
thickness of 0.5 ^im, a Si doped (dopant concentration: 1 x lO^^cm"^), n type 

10 AlGalnP dad layer 405b having a thickness of 1.5 ^m, an active layer 406b 
having a quantum well structure, a Zn doped (dopant concentration: 2 x 
lO^^cm"^), p type AlGalnP clad layer 407b having a thickness of 1.5 jim, and 
a Zn doped (dopant concentration: 5 x lO^^cm"^), p type GaAs cap layer 408b 
having a thickness of 0.5 ^m. Note that active layer 406b is formed of a 

15 well layer and a barrier layer deposited alternately. For example, three 
nondoped GalnP well layers each having a thickness of 10 nm and four 
nondoped AlGalnP barrier layers each having a thickness of 10 nm are 
deposited such that one type of layer is deposited on the other t5^e of layer. 
Note that the above semiconductor layers are grown xmder a condition 

20 allowing the substrate to have a temperature of no less than 640*'C to no 
more than 800^C. 

Then, with reference to Fig. 9B, outside the growth furnace the 
semiconductor layers thus grown are partially etched away to partially 
expose a surface of substrate 401. 

25 Then, as shown in Fig. 9C, MBE is employed to grow on substrate 

401 a Si doped (dopant concentration: 1 x 10^®cm'^), n type GaAs buffer layer 
404a having a thickness of 0.5 jim, a Si doped (dopant concentration: 1 x 
10^®cm"^), n tj^e AlGaAs clad layer 405a having a thickness of 1,5 jim, an 
active layer 406a having a quantum well structure, a Be doped (dopant 

30 concentration: 2 x 10^®cm"^), p type AlGaAs clad layer 407a having a 

thickness of 1.5 ^m, and a Be doped (dopant concentration: 5 x lO^^cm*^^), p 
type GaAs cap layer 408a having a thickness of 0.5 ^im, in order. Note that 
active layer 406a is formed of a well layer and a barrier layer deposited 
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alternately. For example, three nondoped GaAs well layers each having a 
thickness of 10 nm and four nondoped AlGaAs barrier layers each having a 
thickness of 10 nm are deposited such that one type of layer is deposited on 
the other type of layer. Note that the semiconductor layers are grown 
5 under a condition allowing the substrate to have a temperature of no less 
than 500*^0 to less than 640*^0. The DVD laser portion's Zn difiFusion can 
thus be reduced. 

Then, as shown in Fig, 9D, again on substrate 401 the semiconductor 
layers are partially etched away to partially expose a surface of substrate 
10 401. 

Then, as shown in Fig. 9E, dad layer 407a and cap layer 408a, and 
clad layer 407b and cap layer 408b are partially etched away to form ridges 
Rs7 and Rs8. 

Then, as shown in Fig. 9F, to prevent a current from flowing in &om 

15 other than ridges Rs7 and Rs8, an insulation film 409 of silicon nitride is 
provided, on ridges Rs7 and RsS insulation film 409 is partially removed, 
and p type electrodes 410a, 410b are then formed. P type electrodes 410a, 
410b are formed for example of an AuZn layer, a Mo layer and an Au layer 
deposited in order. More specifi.cally, the electrodes are formed by partially 

20 etching away the metal layers for the p type electrodes to prevent short 

circuit between the two laser portions. Furthermore, an n type electrode 
411 is provided on substrate 401 at a back surface, i.e., a surface opposite to 
that for crystal growth. N type electrode 41 1 is formed for example of an 
AuGe layer, a Ni layer, a Mo layer and an Au layer deposited in order. 

25 As shown in Fig. 10, in the fourth embodiment, initially a laser 

portion for DVDs is formed by MOCVD and subsequently that for CDs is 
formed by MBE with the substrate having a lower temperature. This, as 
compared with forming both laser portions by MOCVD with the substrate 
having a high temperature, as conventional, can reduce diffusion of Zn in 

30 the laser portion for DVDs. The semiconductor laser device's threshold 

current, operating current and the hke can be reduced, providing increased 
light emission efficiency. 

. Note that while the fixst to fourth embodiments employ p type 
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dopant of Zn, it may be replaced with C or Mg. 

Furthermore while the first to fourth embodiments employ a 
waveguide structure provided by a ridge waveguide, a variation in index of 
refraction by ion injection may be utilized or the ridge may be sandwiched 
5 between an embedded layer. 

Furthermore while the first to fourth embodiments employ an n type 
GaAs substrate, an insulative substrate may also be used if there is 
provided a structure allowing a current to be introduced into an active layer. 
Furthermore while the first to fourth embodiments provide on a 
10 single substrate a red laser portion for DVDs and an infrared laser portion 
for CDs for a total of two ts^es of laser portions to provide a semiconductor 
laser device, a laser portion oscillating blue laser Hght or the hke may also 
be provided on the same substrate to provide laser portions oscillating three 
or more types of laser light of different wavelengths. 
15 The first to fourth embodiments have been described in conjimction 

mainly with p type dopant. For n type dopant, from the fact that Si is used 
for both laser portions n type dopant diffusion is considered to be small, and 
p type dopant diffusion is a more important issue to be solved. 

Thus the present invention can provide a semiconductor laser device 
20 allowing a laser portion to have a satisfactory laser characteristic to provide 
increased production yields, and a method of fabricating the same. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and scope 
25 of the present invention being limited only by the terms of the appended 
claims. 
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